A computational study of medium effect on solvation free energy, dipole moment, polarizability, hyperpolarizability and different molecular properties like chemical hardness & softness, chemical potential, electronegativity and electrophilicity index of metronidazole have been reported in this paper. Becke, 3-parameter, Lee-Yang-Parr (B3LYP) level of theory with 6-31G (d,p) basis set was applied for gas phase and solution. The effect of solvent polarity on solvation free energy, dipole moment, polarizability, hyperpolarizability and molecular properties were calculated by employing Solvation Model on Density (SMD). The solvation free energies and dipole moment of metronidazole were found to be increased in nonpolar to polar solvents. The dipole moment of metronidazole was higher in different solvent than that of the gas phase. Moreover, from non-polar to polar solvents the chemical potential, electronegativity and electrophilicity index were increased. On the other hand, opposite relation was found in the case of chemical hardness and softness. The results obtained in this study may lead to understand the stability and reactivity of metronidazole and the results will be of assistance to use the title molecule as reaction intermediates and pharmaceuticals.
Introduction
Metronidazole (Figure 1 ) is a nitroimidazole antiinfective agent which has specific activity against a number of obligate anaerobic organisms and protozoa. It is bactericidal, amoebicidal and trichomoncidal. It is the drug of choice for the first episode of mild to moderate Clostridium difficile colitis (Cohen et al., 2010) . Recently, the structural modifications of metronidazole have received much attention (Mao et al., 2009) . Several attempts were made to synthesize metronidazole derivatives for improving its potency and efficacy (Mao et al., 2009; Bowden et al., 1998) .The FTIR, FT-Raman and UV-Vis spectroscopic studies of metronidazole using Density functional theory (DFT) and restricted Hartree-Fock (RHF) level of theory have been reported (Harikrisnan et al.,2015) .
As a part of our ongoing research (Khan et al., 2015a; Khan et al., 2015b ) the present study was undertaken and to the best of our knowledge, the effect of solvent polarity on the solvation free energy, dipole moment, polarizability, hyperpolarizability and global reactivity descriptors (chemical hardness, softness, chemical potential, electronegativity and electrophilicity index) have not been reported, previously.
Computational methods
All calculations were performed in Gaussian09 software package (Frisch et al., 2010) . The geometry of metronidazole was fully optimized before performing any calculation. The absence of negative frequency confirmed that the geometry is fully optimized. The solvation free energies, dipole moment polarizability, hyperpolarizability and molecular properties were calculated using B3LYP/6-31G (d,p) level of theory. The Solvation Model on Density (SMD) was used to calculate the properties in different solvents. 
Results and Discussion

Solvation free energy:
The calculated solvation free energies of metronidazole are presented in table 1. It ranged from -13.61 to 16.17 Kcal/mol. However, the highest solvation free energy was found in water and the lowest in chloroform. The solvation free energy was increased with increasing polarity of the solvent. Dipole moment: The dipole moment is expected to be larger in solution than in the gas phase. Table 1 presents the dipole moments computed in the gas phase and in different solvents namely water, dimethyl sulfoxide (DMSO), n-octanol and chloroform. All the dipole moments are calculated with B3LYP level of theory using 6-31G (d,p) basis set. The calculated dipole moment in different solvent was found in the range of 4.83D to 5.89D. Generally, the dipole moment was also increased gradually with increasing polarity of the solvent.
Polarizability and first order hyperpolarizability:
Polarizability is the measure of distortion of a molecule in an electric field. The polarizability (αtot) was calculated by using the following equation:
The polarizability is used to determine the strength of molecular interactions and optical properties of a system (Targema, 2013) . A molecule with a low HOMO-LUMO energy gap is more polarizable (Tables  2 and 3 ) and possesses high chemical reactivity, low kinetic stability, and high electro-optic response and is known as soft molecule (Targema, 2013) . The calculated polarizability of metronidazole is presented in table 2 and figure 2, which indicate that the polarizability gradually decreased when going from higher to lower dielectric constant i.e., the reactivity The first order hyperpolarizability (β) is the measure of the nonlinear optical activity which can be of different types such as βvec (β vector), β|| (β parallel) and βtot (β total). It is a third rank tensor that can be described by a 3 × 3 × 3 matrix. The 27 components of the 3D matrix can be reduced to 10 components due to the Kleinman symmetry (Kleinman, 1977) . GAUSSIAN provides 10 components of this matrix as βxxx, βyxx, βxyy, βyyy, βxxz, βxyz, βyyz, βxxz, βyzz and βzzz, respectively, from which the component of βtot can be calculated with the help of the following equation.
Where, βx = βxxx + βxyy + βxzz βy = βyyy + βxxy + βyzz βz = βzzz + βxxz + βyyz
The first order hyperpolarizability was increased with increasing dielectric constant of the medium, i.e. the first order hyperpolarizability increased with increasing polarity of the solvent (Table 2 and Figure  3) . The hyperpolarizability in different solvents was found in the range of 37.3 to 44.4 a.u. 
Global reactivity descriptors:
The energy gap between HOMO and LUMO is a critical parameter to determine molecular electrical transport properties. By using HOMO and LUMO energy values for a molecule, the global chemical reactivity descriptors of molecules such as hardness, chemical potential, softness, electronegativity and electrophilicity index have been defined (Parr et al., 1978; Parr et al., 1983; Parr et al., 1991; Chattararet al., 2003) . Pauling introduced the concept of electronegativity as the power of an atom in a molecule to attract electrons to it. Using Koopman's theorem for closed-shell molecules the hardness (η), chemical potential (µ), electronegativity ( ) and softness (S) are defined as follows.
where, and A are the ionization potential and electron affinity of the molecules, respectively. The ionization energy and electron affinity can be expressed through HOMO and LUMO orbital energies as I = -EHOMO and A = -ELUMO.
Considering the chemical hardness, large HOMO-LUMO gap means a hard molecule and small HOMO-LUMO gap indicates a soft molecule. One can also relate the stability of the molecule to hardness and softness. Molecule with least HOMO-LUMO gap is more reactive and vice versa. The electrophilicity index (ω), a new descriptor used to quantify the global electrophilic power of a molecule . Electrophilicity index (ω) was defined as follows : By using the above equations, the chemical potential, hardness and electrophilicity index were calculated. These reactivity quantities are very useful in understanding the toxicity of compounds in terms of their reactivity and site selectivity (Parthasarathi et al., 2003; Parthasarathi et al., 2004a; Parthasarathi et al., 2004b) . The molecular properties of metronidazole in different solvents are presented in Table 4 . When moving from non-polar to polar solvent, the chemical potential, electronegativity and electrophilicity index were increased. On the other hand, opposite relation was found in the case of chemical hardness and softness. 
Conclusion
In the present work, the effect of solvent polarity on solvation free energy, dipole moment, polarizability, hyperpolarizability and global reactivity descriptors have been determined from B3LYP/ 6-31G (d,p) level of theory. The calculated molecular properties may lead to understand the stability and reactivity of metronidazole and the results will be of assistance to use the title molecule as reaction intermediates and pharmaceuticals.
